Abstract Alcohol intake is one of the few modifiable risk factors for breast cancer. Current alcohol intake has been associated with mammographic density, a strong intermediate marker of breast cancer risk, though few studies have examined the effect of both current and average lifetime alcohol intake. We interviewed 262 participants from a New York birth cohort (born 1959-1963) and obtained mammograms from 163 (71.5% of participants with a mammogram). We collected information on alcohol intake by beverage type separately for each decade of life. We used multivariable linear models to assess the associations between current and average lifetime alcohol intake and mammographic density using a quantitative measure of density from digitized images. Overall, current alcohol intake was more strongly associated with mammographic density than average lifetime alcohol intake; compared with nondrinkers, those with current intake of seven or more servings per week had on average 12.3% (95% CI: 4.3, 20.4) higher density, adjusted for average lifetime alcohol intake, age, and body mass index. We observed a consistent inverse association for red wine intake and mammographic density, suggesting that the positive association between mammographic density and overall alcohol intake was driven by other types of alcoholic beverages. Our findings support an association between current alcohol intake and increased mammographic density independent of the effect of average lifetime alcohol intake. If replicated, our study suggests that reducing current alcohol consumption, particularly beer and white wine intake, may be a means of reducing mammographic density regardless of intake earlier in life.
Introduction
Moderate alcohol intake has been consistently associated with increased risk of breast cancer in numerous epidemiologic studies, as well as in animal models (reviewed in [1] [2] [3] [4] ). Some studies suggest that the association between cumulative lifetime alcohol intake and breast cancer risk may be more relevant to risk than measures of current intake [5, 6] . Mammographic density, defined as the proportion of the breast that is composed of dense tissue (epithelial, stromal tissue, and collagen/connective tissue) compared to the overall breast area [7] [8] [9] , is one of the strongest intermediate markers of breast cancer risk (reviewed in [9] [10] [11] ). Studies that have examined the association between alcohol use and mammographic density have primarily focused on current alcohol intake. Some studies support a weak but significant positive association between current alcohol intake and mammographic density in both pre and postmenopausal women [12] [13] [14] . Other studies report a non-significant positive trend [15] [16] [17] [18] or a null association [19] [20] [21] [22] . There is more limited data on the association between timing of alcohol intake and beverage type and mammographic density, and little to no data on the association between beverage type at different life periods and mammographic density. We examined mammographic density and alcohol intake during different life periods (B20, 20s, 30s, and 40s) by specifically asking about beverage type consumption, frequency, and quantity, during each life period in addition to current intake in participants of The New York Women's Birth Cohort, an adult follow-up of members of a New York City birth cohort born between 1959 and 1963.
Methods

Study population
This study used data from The New York Women's Birth Cohort, an adult follow-up study of women enrolled in the New York site of the National Collaborative Perinatal Project (NCPP) [23] . Between 1959 and 1963, 2,138 births at Columbia Presbyterian Hospital were included in the NCPP; including 1,026 female infants of which 841 (82%) were followed until age seven. These 841 girls made up the eligible cohort for adult follow-up. Girls who dropped out of the cohort before age seven were not eligible because of incomplete baseline data and lack of updated address information [24] .
Baseline data were collected prospectively by a standardized NCPP protocol and included prenatal (parental age, maternal height and pre-pregnancy weight, weight gain during pregnancy, parity, smoking, race, socioeconomic status [SES], pregnancy conditions) and birth and postnatal data (child weight, height, and head circumference taken by direct measurement at birth, infancy, and childhood until age 7).
Adult follow up and mammogram collection
In 2001, we initiated adult follow-up of NCPP female participants [24] . Of the 841 eligible girls, we were able to obtain paper records with contact information for 779 (93.0%) and successfully traced 375 (44.5%). Of those traced, 262 (70.1%) completed the study questionnaire. The remainder did not participate because of failure to complete the questionnaire (n = 76, 20%), refusal (n = 18, 4.8%), illness (n = 3, 0.8%), and death (n = 16, 4.3%).
The study questionnaire was self-administered and contained questions on adult body size (height at 20, current and weight at 20, 30, 40, current), sociodemographic characteristics (education, occupation, marital status, income, race), adult health and reproductive events (age at menarche, fertility and hormonal medications, and pregnancy history), physical activity, as well as a detailed history of tobacco and alcohol intake.
For current alcohol intake (defined as average weekly intake within 6 months of questionnaire), we calculated total servings per week based on frequency of consumption and number of servings per time alcohol was consumed. Participants also reported the average number of times they drank per week and number of servings by beverage type (beer, red wine, white wine, hard liquor) for 4 time periods: prior to age 21, 21-29, 30-39, and 40 and greater. For average lifetime alcohol intake, we used the average reported alcohol consumption between the ages of 21 and 39. We calculated grams per day using a standard conversion of 13.2 grams of ethanol per 12-ounce serving of beer, 11.7 grams of ethanol per 4-ounce serving of wine, and 14.1 grams of ethanol per 1.5-ounce serving of hard liquor [25] .
Mammographic density assessment
Two hundred twenty-eight (87%) participants reported ever having had a mammogram, and of these 166 (72.8%) provided completed medical release authorization forms. We successfully obtained films for 163 women, but excluded 12 (11 due to poor image quality, 1 taken after breast cancer diagnosis); our analyses are based on a sample of 151. Films were digitized using a Kodak Lumisys Film Digitizer (Kodak LS85). Mammographic density assessments were made using Cumulus, a computer-assisted thresholding program [8] in which the reader outlines the total breast area and dense area, and the software measures their size by identifying the number of pixels within the outlined areas. We calculated absolute breast area and dense area by converting the measure in pixels to cm 2 . Percent mammographic density was calculated as dense area divided by breast area multiplied by 100. All density assessments were performed blinded to exposure status and date and chronology of films if multiple dates were available.
All films for a participant were read together in random order by date, and 10% of the films were read twice. The Pearson correlations for repeated films were 0.87 for breast area, 0.93 for dense area, and 0.90 for percent mammographic density. All available cranio-caudal (CC) films for a participant were read, and analyses are based on the film taken closest to the date of questionnaire, using the left CC (others have previously reported a very high correlation between left and right side breast density measures in the range of 0.92-0.96 [26] ). The study was approved by the Internal Review Board at Columbia Medical Center.
Statistical analyses
We assessed the correlation between servings of alcohol by beverage type and life period using Pearson correlation coefficients for continuous measures of grams per day. We used linear regression models to evaluate the association between mammographic density and current alcohol intake (0, 1-6, and 7 or more drinks per week) and average lifetime alcohol intake (0, B4, [4 grams per day). We used multivariable linear regression to simultaneously model average lifetime and current alcohol intake, adjusted for age and body mass index (BMI). In addition, we explored the impact of alcohol consumption by period of intake. For analyses by beverage type, we evaluated each type of alcohol by itself, and then all types per life period simultaneously adjusted for age and BMI. We defined statistical significance as associations having a two-sided P-value less than 0.05.
We assessed confounding of the association between mammographic density and alcohol intake by entering potential confounders individually into age-adjusted models. Confounding was assessed separately for current and average lifetime alcohol intake. Variables were determined to be confounders if their inclusion in the model changed the parameter estimates for the association between alcohol intake and mammographic density by more than 10 percent. Potential confounders included current BMI (kg/m 2 ), physical activity, cigarette smoking, use of oral contraceptives (OC) and hormone replacement therapy (HRT), menopausal status, age at first full term pregnancy and nulliparity, race, first degree family history of breast cancer, breastfeeding, education and annual household income. In addition to the main outcome measure of percent mammographic density, we ran supplemental models with absolute dense tissue area (cm 2 ).
Results
We did not observe significant differences in current and average lifetime alcohol intake between participants who reported never having a mammogram (n = 34), those who had a mammogram and provided authorization for release of mammograms (n = 166), and those who had a mammogram and did not provide authorization for release of mammograms (n = 62) (data not shown). Among participants, 54% reported current drinking; 9% consumed 7 or more servings per week of alcohol, and 45% consumed 1-6 servings/week (Table 1) . We assessed the correlation between servings per beverage type by life period of intake and observed the strongest correlations for red wine intake between adolescence and twenties (r = 0.73, P \ 0.0001), and hard liquor between adolescence and twenties (r = 0.94, P \ 0.0001) and twenties and thirties (r = 0.84, P \ 0.0001). We observed differences in beverage type between lighter current drinkers (1-6 servings per week) and heavier drinkers (seven or more servings per week). Figure 1 presents the mean servings per week of each beverage type in the 40s among current lighter drinkers (1-6 servings per week) and heavier drinkers (seven or more servings per week). The most common beverage types among heavier drinkers included red wine (mean = 5.3 servings per week) and white wine (mean = 3.7 servings per week) compared to other beverage types. Lighter current drinkers drank significantly fewer servings of alcohol overall, and were more likely to drink red wine (mean = 0.71 servings per week) and beer (mean = 0.68 servings per week) compared to other beverage types. Table 2 presents the results of linear regression analysis of the relationship between current and average lifetime alcohol intake and mammographic density. Current alcohol intake of seven or more servings per week had a significant, positive association with mammographic density, even after adjustment for age and BMI. The association remained after further adjustment for average lifetime alcohol intake; those who drank seven or more servings per week of alcohol had on average 12.3% (95% Confidence Interval (CI) = 4.3-20.4) higher mammographic density and 16.3 cm 2 (95% CI = 5.6-27.1) higher dense area compared to nondrinkers.
For average lifetime alcohol consumption, low to moderate consumers (B4 grams per day) had on average 6.0% higher density (95% CI = 0.5, 11.5) than nondrinkers, adjusted for age. The association remained significant after adjusting for current intake. However, after adjusting for BMI, the association between mammographic density and moderate average lifetime alcohol was attenuated and not statistically significant (b B 4 grams per day = 3.8, 95% CI = -1.7, 9.2 relative to nondrinkers). There was no association with higher levels of average lifetime alcohol consumption (b [ 4 grams per day = 1.6, 95% CI = -3.7, 7.0 relative to nondrinkers, adjusted for age and BMI). We observed a similar, but not statistically significant, pattern for linear regression when the outcome was absolute dense area.
We investigated the association between alcohol intake in different periods of life (prior to age 21, 21-29, 30-39, and 40 and greater) and mammographic density. Alcohol intake prior to age 21 (any versus none) had a borderline significant inverse association with mammographic density, adjusted for age and BMI (b = -4.2, 95% CI = -8.5, 0.1). Overall alcohol intake from age 21 to 29 was not associated with mammographic density. Overall intake from age 30 to 39 was significantly positively associated with mammographic density although after adjusting for BMI the association was not significant (data not shown).
We assessed the association between alcohol consumption in different life periods and mammographic density according to type of beverage consumed (Fig. 2, Panel  a-d) . We observed a consistent statistically significant inverse association for red wine consumption prior to age 21, 21-29 and 30-39 (Fig. 2, Panel a) . White wine consumption prior to age 21 and in the thirties was associated with increased mammographic density, although we did not observe a dose response for intake in the thirties (Fig. 2,  Panel b) . Beer intake in the twenties and thirties was associated with elevated mammographic density; however the association was not statistically significant and we did not observe the same pattern for intake prior to age 21 and in the forties (Fig. 2, Panel c) . Hard liquor prior to age 21 had a statistically significant inverse association with mammographic density; however it was not significantly associated with mammographic density in other life periods. We did observe elevated mammographic density for hard liquor intake in the forties, although this was not statistically significant (Fig. 2, Panel d) .
Supplemental models using absolute density as the outcome resulted in similar inferences. When we stratified our linear models by race, current alcohol intake of seven or more servings per day was positively associated with mammographic density in all racial groups, but was only statistically significant among white and black participants (data not shown).
Discussion
We observed a positive association between current alcohol intake (seven or more servings per week) and percent and absolute mammographic density; the association remained after adjusting for BMI and additionally for average lifetime alcohol intake. Average lifetime alcohol intake was not associated with mammographic density after adjusting for current alcohol intake, BMI and age. Overall, the positive association we observed for current intake is consistent with much of the literature on alcohol and mammographic density [12] [13] [14] [15] [16] [17] [18] , although the association was not statistically significant in four of these studies [15] [16] [17] [18] , and an additional four studies reported a null association [19] [20] [21] [22] . The majority of the studies on alcohol intake and mammographic density (excluding [18] , [15] ) assessed current intake and did not account for patterns of earlier exposure.
We assessed the association between patterns of alcohol consumption and mammographic density by examining intake by decade of life. Alcohol consumption prior to age 21 was inversely associated with mammographic density in our sample. This conflicts with results from Vachon et al. [18] , who observed a nonsignificant higher density in women who were moderate/heavy drinkers in adolescence compared to low/nondrinkers. Their study had a low proportion of adolescent drinkers (10.8% compared to 51.7% in our sample). We found that for other life periods, alcohol intake was generally positively associated with mammographic density; however most associations were not significant after adjusting for BMI. This finding was consistent with results from Herrinton et al. [15] , who reported that moderate drinkers, with intake of 14-51 grams per week, were more likely to have higher density compared to infrequent and nondrinkers, regardless of the timing of intake (age 21-30, 30-49, and 50). Heavier drinkers also had a higher prevalence of higher mammographic density prior to age 50.
We found some differences in the effect of alcohol on mammographic density by beverage type. We observed significantly lower mammographic density for hard liquor intake prior to age 21, but not for other life periods, while we observed elevated density for beer intake in the twenties and thirties, white wine intake in the thirties, and hard liquor intake in the forties. Vachon et al. [17] observed a significant positive association between current white wine intake and density among postmenopausal women, but did not observe significant patterns for beer or liquor consumption. It is possible that some of our results are due to chance given the multiple comparisons; these observations should be investigated in larger populations. We observed a consistent inverse association between red wine intake at multiple life periods (\21, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] and mammographic density. The association remained after adjusting for current intake, BMI, and concurrent intake of other beverage types. Vachon et al. [17] also reported a significant inverse association between current red wine intake and mammographic density, but the association was restricted to postmenopausal women. In contrast, Masala et al. [13] observed a positive association between wine intake and density, although they do not report the type of wine. Studies are mixed in regard to the association between red wine intake and breast cancer risk. While some studies support a positive association between exposure to any type of alcohol and breast cancer [2] , there is evidence that red wine may be protective against breast cancer because it contains the polyphenol resveratrol, which may prevent cellular proliferation and have chemopreventive properties [27] . It is plausible that this would be reflected in reduced mammographic density. We were unable to evaluate the effect of consumption of only red wine because fewer than 5% of our sample drank only red wine in any life period, and none drank only red wine overall.
We observed a stronger association between current alcohol consumption and mammographic density compared to average lifetime consumption. One plausible explanation for the stronger association is measurement error because, as with other epidemiologic studies, we relied on self-report of alcohol intake. However, we expect that any measurement error would be non-differential with respect to the outcome, as there is no reason to suspect that women report differently based on their mammographic density. Such non-differential misclassification may be stronger for past lifetime measures of alcohol than for current measures, which may explain in part the lack of an observed association between average lifetime alcohol intake and density. In addition, density was read by a trained reader blinded to exposure, and had a high reliability. Therefore, any measurement error of outcome would also be nondifferential with respect to exposure, and the true association between current alcohol and mammographic density may thus be even stronger.
Further, it is unlikely that the positive association we observed can be explained by residual confounding, as residual confounders would also have to mimic the patterns we observed. We found that only BMI and age were confounders of this association in our data, and the association remained after adjustment for these variables.
Alcohol intake may impact breast cancer risk through mammographic density as well as other pathways. The lack of an association between lifetime alcohol intake and mammographic density should not be taken to indicate that cumulative lifetime exposure to alcohol does not affect breast cancer risk. Alcohol may play a role in multiple stages of carcinogenesis and may act as both an initiator and promoter; potential mechanisms include acetaldehyde, a product of alcohol metabolism, which may be carcinogenic, and the potential for alcohol to increase cellular susceptibility to genetic damage and mutation and enhance carcinogenicity of other substances, affect nutrient levels, influence hormone levels and activate enzymes, and impact cellular proliferation [1, 2, 28, 29] . Some studies [2, 30] suggest that alcohol intake may impact mammographic density by altering insulin-like growth factor 1 (IGF-1) and insulin-like growth factor binding protein 3 (IGF-BP3) levels, which are associated with both alcohol intake [30] and mammographic density [31] . Further, there is evidence that several factors may modify susceptibility to alcohol intake in the population, including folate [2, [32] [33] [34] and other nutrients, genetic factors (e.g. alcohol metabolizing genotype) [2, 35] , BMI [2] , HRT use [2, 16] , and menopausal status [17] .
Our study provides further support for an association between current alcohol intake and mammographic density, an important intermediate marker of breast cancer risk. In the 2005 NHANES study, 63.3% of US women age 25-44 reported current drinking [36] . Given the potential cardiovascular benefits of moderate alcohol consumption, in addition to the potential cancer risk, current recommendations are for women to limit alcohol consumption to one drink per day [1, 37] . Revision of these guidelines to specify beverage type may be needed.
These results suggest that modifying alcohol intake may represent a plausible way to change density. Kerlikowske et al. reported that changing a BI-RADS (Breast Imaging Reporting and Data System) category in density is associated with a change in breast cancer risk [38] . To date, only HRT and Tamoxifen have demonstrated an effect on changing density in prospective studies [39] , and only HRT has been shown to change density by a BI-RAD category [40] .
We observed a strong association between heavier current alcohol intake and mammographic density, with a significant 12.3% higher mean density in heavier drinkers compared to nondrinkers. The association between alcohol and density may be driven by specific beverage types, as heavier drinkers were more likely to drink white wine. However, given the inverse association between red wine and density (adjusted for other beverage types), and that heavy drinkers also drank a substantial amount of red wine (5.3 servings per week), it is possible that changing the type of alcohol consumed rather than the total amount could affect density. These results need to be replicated in larger prospective studies so that we can better understand whether altering drinking patterns, and in particular beverage type, may reduce mammographic density and ultimately breast cancer risk.
